Objective Evaluate the incidence of metachronous visible lesions (VLs) in patients referred for radiofrequency ablation (RFA) for early Barrett's neoplasia. Design This study was conducted as part of the service evaluation audit. Setting Tertiary referral centre. Patients All patients with dysplastic Barrett's oesophagus referred for RFA were included for analysis. White light high-resolution endoscopy (HRE), autofluorescence imaging and narrow band imaging were sequentially performed. Endoscopic mucosal resection (EMR) was performed for all VL. Three to six months after EMR, all patients underwent initial RFA and then repeat RFA procedures at three monthly intervals. Interventions All endoscopy reports and final staging by EMR/surgery were evaluated and included for analysis. Results Fifty patients were analysed; median age 73 years, 84% men. 38/50 patients (76%) had a previous EMR due to the presence of VL before referred for ablation; twelve patients had no previous treatment. In total, 151 ablation procedures were performed, median per patient 2.68. Twenty metachronous VL were identified in 14 patients before the first ablation or during the RFA protocol; incidence was 28%. All metachronous lesions were successfully resected by EMR. Upstaging after rescue EMR compared with the initial histology was observed in four patients (28%). Conclusions In total, 28% of patients enrolled in the RFA programme were diagnosed to have metachronous lesions. This high-incidence rate highlights the importance of a meticulous examination to identify and resect any VL before every ablation session. RFA treatment for early Barrett's neoplasia should be performed in tertiary referral centres with HRE and EMR facilities and expertise.
INTRODUCTION
Barrett's oesophagus (BO) with highgrade dysplasia (HGD) is the most important risk factor for developing oesophageal adenocarcinoma, the most rapidly increasing cancer in western countries. The global incidence of oesophageal cancer arising from BO is 0.5% per year 1 2 and increases up to 10% yearly in patients with BO and HGD. 3 In BO, the normal squamous mucosa is replaced by columnar epithelium with the presence of intestinal metaplasia (IM). The malignant transformation of BO from non-dysplastic IM to invasive adenocarcinoma is a gradual process through well-known sequential histological stages: low-grade dysplasia (LGD), HGD and early intramucosal cancer (IMC/T1a).
All these early lesions have a negligible risk of lymph node metastases, which is clearly related to the depth of tumour infiltration in the oesophageal wall. 4 5 The incidence of lymph node metastases is between 0% and 3% for lesions limited to the mucosa (T1a/m1-m3), but rises up to 30% when the lesion is invading the submucosal (SM) layer (T1b/sm1-sm3). 6 7 Open Access Scan to access more free content
Despite the lack of randomised controlled trials and cost-effectiveness analysis, endoscopic surveillance programmes with targeted biopsies from any visible lesion (VL) and random four-quadratic biopsies have been shown to detect the presence of neoplasia at a potentially curative stage. 8 Most of the current clinical guidelines developed by gastrointestinal societies recommend regular endoscopic surveillance for Barrett's patients to detect neoplastic lesions in an early stage. 9 These early neoplastic lesions are difficult to identify with conventional white light endoscopy 10 and other diagnostic tools, such endoscopic ultrasound, have shown to have virtually no clinical impact on the workup of early oesophageal neoplasia 11 because its lack of accuracy to differentiate between mucosal and SM invasion in early oesophageal lesions. 12 13 In addition to the white light high-resolution endoscopy (HRE), the newly developed imaging techniques, such as narrow band imaging (NBI, Olympus Optical, Tokyo, Japan), autofluorescence imaging (AFI, Olympus Optical, Tokyo, Japan), flexible spectral imaging colour enhancement (FICE, Fujifilm, Tokyo, Japan), iScan (Pentax Medical, Tokyo, Japan), and confocal laser endomicroscopy (CLE), are now increasingly used in tertiary centres by expert endoscopists for detection of early neoplastic lesions. 14 15 All these modalities may improve detection of VL and can also accurately estimate its extension, which is essential for endoscopic treatment, and they are therefore associated with an increased potential for curative treatment.
Endoscopic therapies are the first choice option for curative treatment of early Barrett's neoplasia limited to the mucosal layer, HGD and intramucosal adenocarcinoma (T1m1-T1m3). The aim of endoscopic therapy must be to eradicate the whole Barrett's segment because of the risk of developing synchronous and metachronous lesions in the residual epithelium. 16 Endoscopic mucosal resection (EMR) of any macroscopic focal lesion followed by eradication of all residual Barrett's segment has become the treatment of choice for HGD and early Barrett's intramucosal cancer. Radiofrequency ablation (RFA) has shown the best efficacy and safety profile in eradicating dysplastic and non-dysplastic Barrett's oesophagus. 10 17 18 Between 50% and 80% of Barrett's patients with HGD and no VLs referred for endoscopic treatment to a tertiary referral hospital will have at least one VL when reviewed by expert endoscopists. 10 19 The presence of superficial lesions within the BO with HGD carries a higher risk of SM invasion. 19 Depth of invasion correlates with tumour differentiation grade and lymphovascular involvement, and both of these are well-known risk factors for lymph node metastases. Endoscopic appearance of VLs has predictive value for invasion into the submucosa; 20 21 Paris 0-IIa and 0-IIb lesions are less likely to contain sub-mucosal invasive cancer. Up to 25% of 0-Is and 0-IIc lesions may harbour SM invasion. 7 To ensure cancers are not inadvertently ablated, a baseline HRE should be performed in all Barrett's patients with HGD before ablative therapy to detect any VL suitable for endoscopic resection. 10 22 The incidence of metachronous VL in patients referred for treatment with RFA for dysplastic BO and its impact in the treatment outcomes has not been well established.
AIMS
To evaluate the incidence of metachronous VL's in patients referred for RFA therapy for early Barrett's neoplasia.
PATIENTS AND METHODS
All patients with dysplastic BO referred for endoscopic treatment with RFA to our institution were prospectively collected and included for analysis ( June 2012 to December 2014). This study was conducted as part of the service evaluation audit; hence, formal ethics application was not required.
Before any ablation treatment, a careful endoscopic examination with white light HRE and AFI followed by NBI was sequentially performed (GIF-FQ260Z; Olympus Optical, Tokyo, Japan) in all patients by an expert endoscopist (KR, JDC, AC). Endoscopic characteristics of the Barrett's segment according to the Prague classification 23 and endoscopic appearances of all VLs according to the Paris classification 7 were recorded per procedure and patient.
EMR was performed for all identified VL using the multiband technique (Duette; Cook Endoscopy, Limerick, Ireland) or the cap-assisted technique (Olympus, Tokyo, Japan). Three to six months after the initial EMR, all patients were treated with RFA either with HALO 360 , HALO 90 , HALO 60 , HALO Ultra or HALO TTS systems (Covidien, Dublin, Ireland). Ablation with argon plasma coagulation (APC) (ERBE Elektromedizin GmbH, Tübingen, Germany) was also used for residual ultrashort Barrett's segments or small islands after RFA and was also considered as an ablation procedure. Repeat ablation sessions were performed at 3-month intervals.
Metachronous lesions during RFA were defined as any VL within the Barrett's segment identified at the first visit for RFA treatment or at any scheduled visit for ablation during the RFA treatment protocol. Endoscopic characteristics according to the Paris classification were recorded. EMR was performed using the same technique described above for all metachronous lesions and final histology was included for analysis.
All endoscopy reports, final histology and staging by EMR/surgery were evaluated and included for analysis. 
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RESULTS
A total of 50 patients with dysplastic BO referred for RFA and enrolled in the ablation treatment protocol were analysed; median age was 73 years, range 46-83, and 84% were men. The median length of BO was 6 cm (range 1-16 cm).
Initial histology from previous mapping and/or target biopsies was LGD in two patients, HGD in 34, IMC in 13 and SM cancer in one patient. The only patient with SM cancer was referred for surgery and underwent RFA treatment for residual BO after oesophagectomy. Baseline and demographic characteristics are summarised in =9, HALO Ultra=15 and HALO TTS=12). APC was used as a rescue ablation method in 12 patients at the end of the treatment protocol. All of them had a single session with APC and it was their last interventional endoscopy.
Twenty of the 50 patients (40%) who entered the ablation protocol finished the treatment and are on endoscopic surveillance; no evidence of residual or recurrent dysplasia was noted on biopsies follow-up.
A total of 20 metachronous lesions were identified in 14 patients at the first RFA visit or during the ablation treatment; incidence was 28%. Two patients had two different VLs, one patient had three VLs and two patients had a VL in two different ablation visits. Endoscopic characteristics according to the Paris classification were 0-Is=1, 0-IIa=18 and 0-IIb=1.
All metachronous lesions were successfully resected by EMR; final histology per lesion was non-dysplastic BO in 1, LGD in 1, HGD in 11, IMC in 5 and SM cancer in 2 lesions. Both patients with SM invasion on the rescue EMR specimen had T1sm2 tumours. One was not candidate for surgery and re-entered the RFA treatment due to residual dysplastic BO during the follow-up; the other patient was referred for surgery.
Upstaging after rescue EMR compared with the initial histology was observed in four patients (28%), histological assessment of EMR specimens showed SM invasion in 2.
Time of diagnosis of metachronous lesions is shown in table 2; median ablation visit 1.5, mean 2.5. Combined EMR and RFA on the same session were successfully performed in five patients with metachronous lesions (figures 1 and 2).
DISCUSSION
Combined endoscopic treatment with EMR of any macroscopic lesion followed by complete eradication of the residual Barrett's segment with RFA has become the treatment of choice for early Barrett's neoplasia. The aim of the endoscopic therapy is the eradication of the whole Barrett's segment due to the high risk of synchronous and metachronous lesions. Many clinical trials from Europe and the USA, 18 22 24-26 data from the UK Halo RFA Registry, 10 and a recently published meta-analysis 17 have shown excellent rates of complete eradication of dysplasia and IM with very low recurrence rates up to 5 years of follow-up. There are no published studies clearly focused on metachronous or recurrent macroscopic lesions during the ablation treatment. Several studies conducted by the Amsterdam group showed incidence rates of metachronous lesions during treatment or follow-up period between 4% and 9%. 18 22 24 25 Most recently, data from the UK Halo RFA Registry, including a total of 335 patients, reported an incidence of metachronous lesions during RFA treatment protocol of 10%. 10 Our study has showed that up to 28% of patients enrolled in an RFA programme were diagnosed to Main limitation of our study is that this is a singlecentre experience and shows data from a small case series.
This high-incidence rate highlights the importance of a meticulous examination to identify and resect any superficial lesion before every ablation session to avoid ablation of deep invasive cancer.
Treatment with RFA for early Barrett's neoplasia should be performed in tertiary referral centres by expert endoscopists with an adequate training in advanced endoscopic imaging and EMR facilities and expertise.
Key messages
What is already known on this topic ▸ EMR of any macroscopic focal lesion followed by eradication of all residual Barrett's segment with RFA has become the treatment of choice for HGD and mucosal cancer in Barrett's oesophagus.
What this study adds ▸ We found a high incidence of metachronous visible lesions in patients referred for RFA or in patients undergoing ablation therapy.
How might it impact on clinical practice in the foreseeable future ▸ Meticulous examination to identify and resect any superficial lesion before every ablation session is mandatory. RFA for early Barrett's neoplasia should be performed in tertiary referral centres by expert endoscopists with an adequate training in advanced endoscopic imaging and EMR facilities and expertise.
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